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Abstract 
With the increase of mine depth, the ventilation is facing great challenges. This paper firstly elaborates the research and status 
quo of controlled circulating ventilation at home and aboard, and then analyzes its operational principles and introduces 
application development of the technology in Hongtoushan copper mine. The paper argues that this technology can effectively 
tackle the problem of ventilation in deep mining and improve the working condition of deep mining by saving energy and 
reducing consumption. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Because it was assumed that there were serious potential safety hazards, the underground circulating wind had not 
been recognized. But since British Ceyhan Mining successfully applied circulating wind in 1971, people have 
different visions for it [1–3]. 
The Royal Mining Administration has approved another 5 trials of circulating ventilation in mining since 1971, 
among which the dust concentration of the work surface for Sutton Mining reduced from 8mg/m3 to 2mg/ m3. 
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Wearmouth Coal Mining has been saving 300 thousand pounds of electrical cost each year by using this 
technology[1]. 
In 1982, Loraine Gold Mining in South Africa conducted a test for controlled circulating ventilation, which made 
the productivity of mining areas rise from 6000 t to 15000 t per month [3]. 
University of Queensland, Australia had carried out contrast experiments between the traditional ventilation 
methods with the controlled circulating ventilation method. Results of the experiments had indicated that the 
underground operation environment would be better improved and energy saving and consumption reducing would 
be better achieved when the circulating wind was properly utilized underground [4]. 
Some papers had begun to introduce the underground circulating ventilation in China in 1979, which drew much 
attention from many scholars. But the Xikuangshan Bureau of Mines had successfully applied the technology of the 
controlled circulating ventilation and thus improved the ventilation of the work surface until the early 1990s. Later 
on, by using this technology, Qingchengzi Dressing Plant had succeeded in cutting down the contradiction between 
anti-dust and anti-cold in winter, and Taochong Iron Ore had reduced the dust concentration of the work surface. 
What’s more, some coal mine factories are experimenting on the controlled circulating ventilation in China at 
present [7–10]. 
A large number of high schools and research units have been conducting theoretical research on the controlled 
circulating ventilation in China, among which Northeastern University believes that this technology can better iron 
out the problems of dispelling blasting fume, reduce the dust concentration and improve the working condition in 
driving roadway [9]. 
In a word, the theoretical analysis of many experts and production practices both prove that the technology can 
effectively prevent gases from gathering in roadway; reduce the dust concentration; improve the underground 
environment of work surface; and conserve the resources. 
2. The technology principle 
In the Fig. 1, Qi is the wind volume, m3/s; Qr is the wind circulation indoor, m3/s; Ci is the inlet wind pollutant 
concentration, %; Cr is the return wind pollutant concentration, %; Cm is the mixed inlet wind pollutant 
concentration, %; while q is the output of pollutant, m3/s. 
 
(a) Without circulation wind                                                                     (b) With circulation wind 
Fig. 1. Schematic diagram of the circulating ventilation. 
In Fig. 1(a), return wind pollutant concentration Cr is elicited from formula (1): 
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In Fig. 1(b), pollutant volumes Q in point 2 is elicited from formula (2): 
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Combining (2) with (3), we get: 
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Mixed wind pollutant concentration Cm in point1 is elicited from the following formula: 
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Supposing the component coefficients of the circulating ventilation is R, that is 
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Combining (5) with (6), we get: 
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Comparing (1) and (4), we can figure out that the intensity generated by the return wind pollutant concentration 
and the pollutant of the work surface is related to the wind volume of the work surface instead of the wind 
circulation indoor. While comparing (7) and (8), we know that the pollutant concentration of mixed inlet wind is 
relevant to the wind circulation indoor, that is to say, it increases with the circulating wind and it is bigger than that 
of without circulation wind Rq/Qi. Therefore, as long as a certain fresh wind inlet volume, the controlled circulating 
ventilation would not only keep away the pollutants, but it also would improve the utilization rate of the windflow 
[5,6]. 
3. The applications of the controlled circulating ventilation 
The Hongtoushan Mining has experienced more than 50 years of mining with an exploitation depth of over 1300 
m, which is the largest deep mine of nonferrous metals in China. The deep mining has been continuously extending 
the ventilating circuit, which has been greatly increasing the consumption of energy and leading to the environment 
deterioration of the underground work. Since the 1980s, the researches and applications of the controlled circulating 
ventilation technology have mostly concentrated on the surface or roadway heading, while on the contrary, the 
regional and entire applications are relatively small. The Hongtoushan Copper Mining has successfully converted 
the existing ventilation into the entire ore controlled circulating ventilation for its own ventilation difficulties. 
3.1. The technical route of controlled circulating ventilation 
The essence of controlled circulating ventilation technology is to purify the contaminated wind discharged from 
the work surface layer upon layer by using the existence of abandoned roadway engineering and gob at the shallows, 
and reuse the supply of underground operation when the air quality meets the health standards. The technical route 
of controlled circulating ventilation is shown in Fig. 2. Firstly, choose appropriately abandoned roadway 
engineering for the wind and pressure relief in the mine ventilation, to make the original ventilation form a 
controlled recirculation loop. The contaminated wind discharged from the mining level will firstly go through the 
gob, and start the first layer of purification. And then the artificial purification measures will be used to conduct the 
second layer of purification for the contaminated wind in the abandoned roadway, in order to further improve the air 
quality. Because the roadway excavation and the stoping blasting operation in the mine will produce high 
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concentrations of contaminated wind that is not suitable for use as recirculation wind, the opening of the controlled 
circulating ventilation shall avoid the concentrated period of blasting operations. In addition, in order to improve the 
reliability, the whole monitoring of air quality shall be implemented and the electric choke remote control shall be 
installed to achieve the automatic control in the path of the whole circulation ventilation. 
 
 
Fig. 2. The technical route of controlled circulating ventilation. 
3.2. The construction of controlled circulating ventilation 
According to the technical route above mentioned, the Hongtoushan Copper Mining has built safe and reliable 
controlled circulating ventilation as shown in Fig. 3. 
By the field monitoring, the contaminated wind enters into the gob from the middle segment of -467 primarily 
and conduct the preliminary purification, and then it enters the middle segment of -287 m and begins to carry out the 
multiple and artificial purification, and it passes into the wind shaft to implement the controlled circulating 
ventilation when the air quality reaches the standard. 
(1) The circulation ventilation loop is identified in the middle segment of -287 m. 
(2) In middle segment of -287 m, centrally mount the spray device and combine other cleaning measures to 
multiply purify the contaminated wind of the circulation by using the abandoned roadway, as shown in Fig. 4. 
(3) In the middle segment of -287 m, install five sets of "air quality monitor" to carry out the whole monitoring of 
harmful substances, see Fig. 5. 
(4) In the middle segment of -287 m , set an electric choke that can be remote controlled, see Fig. 6. 
3.3. The operation effect of controlled circulating ventilation 
The controlled circulating ventilation works stably, and this technology makes the wind volume of the original 
ventilation system increase from 55 m3/s to 79 m3/s, 43.6% of growing rate. Furthermore, this technology reduces 
the resistance of the original ventilation system, which is equivalent to an increase of 712 kW installed power. And 
the electricity can be saved about $500000 a year. In addition, the technology has an obvious cooling effect, which 
makes the deep mining environment temperature decrease from 30°C to 26°C or below, greatly improving the 
climate environment of underground work. 
Circulating ventilation circuit layout 
Use the self-purification function of the gob 
Artificial purification measures 
Open time selection of controlled circulating 
Real-time monitoring of automatic control 
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Fig. 3. The controlled circulating ventilation of Hongtoushan Copper Mining. 
 
Fig. 4. The spray device.                                                                  Fig. 5. Air quality monitor. 
 
  
(a) Closed-state                                                                                   (b) On-state 
Fig. 6. The electric choke. 
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4. Conclusions 
With great economic and social benefits, the controlled circulating ventilation technology can optimize 
ventilation system of deep mining, benefit a dilution to the pollutant concentration, significantly improve the 
climatic environment of the deep mining operation, as well as conserve the resource. 
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